We are continuing our study of microbial transformation of terpenoids in the search for functionalized substances, such as insect pheromones, aroma, and anti-obesity compounds [1] [2] [3] [4] [5] . In an earlier study, Aspergillus niger TBUYN-2 easily biotransformed two bicyclic mono-and homomonoterpenoids, (-)-myrtenol (1) and (-)-nopol (2) , by cleavage of cyclobutane, to give (-)-oleuropeyl alcohol (3) and (-)-7-hydroxymethyl-1-p-menthen-8-ol (4), respectively [6] (Figure 1 ) In this current study we chose (-)-nopol benzyl ether (5) possessing an aromatic ring and bicyclic monoterpenoids with a cyclobutane skeleton and carried out microbial biotransformation in conjunction with the metabolism of 1 and 2. Here, we report the biotransformation of 5 by A. niger TBUYN-2 and A. niger Tiegh CBAYN, together with the identification of metabolites and the metabolic pathway of 5.
On the basis of the identification of metabolites 6 and 7, the metabolic pathway of 5 by A. niger TBUYN-2 and Tiegh CBAYN is postulated as follows: first, 5 was hydroxylated at C-4, C-2' and C-4' to give hydroxylated intermediates, which were further hydroxylated, followed by dehydrogenation at C-4 to give 6 as the major metabolite, together with 7 by hydrolysis of 6 ( Figure 2 ). In the biotransformation of (-)-myrtenol (1) and (-)-nopol (2), the major metabolites were (-)-oleuropeyl alcohol (3) and (-)-7hydroxymethyl-1-p-menthen-8-ol (4), respectively, by cleavage of the four membered carbon ring ( Figure 1 ). However, 5 was not biotransformed by cleavage of the four membered carbon ring, and 2 was not biotransformed to 7, as shown in Figure 2 of the plant pathogenic microorganism, Glomerella cingulata, 2 was biotransformed, without cleavage, to 7 via (4R)-(-)-hydroxynopol [7] . It is an interesting phenomenon that the benzene ring of 5 is easily and directly hydroxylated, as shown in Figure 2 .
Antioxidant assays of 6 and 7 were carried out using 1,1-diphenyl-2-picrylhydrazyl (DPPH). Compound 6 showed strong antioxidant activity (IC 50 30.2 µM) in comparison with L-ascorbic acid (16.5 µM), α-tocopherol (22.8 µM) and butyl hydroxyl anisol (BHA) (31.6 µM). Compound 6 showed activity that was nearly equal to that of BHA, but compound 7 did not show antioxidant activity.
Experimental
General: Gas chromatography (GC) was carried out using an Agilent 6890 GC system-5973 Network instrument equipped with a flame-ionization detector and a capillary column (50 m x 250 µm x 0.3 µm). The column temperature was programmed from 70 o C to 230 o C/min. IR spectra were measured on a JASCO FT-IR 500 spectrophotometer. 1 H-and 13 C-NMR spectra were recorded in CDCl 3 on a Varian unity 600 ( 1 H; 600 MHz, 13 C; 150 MHz) spectrometer at 25 o C with tetramethylsilane as the internal standard. MS were measured on either a JEOL JMS HX-100 or a JEOL AX-500 spectrometer.
The optical rotation was recorded on a JASCO DIP-140 polarimeter. Silica gel 60 (Merck) was used for column chromatography. TLC was carried out on silica gel 60 F 254 , pre-coated (layer thickness 0.25 mm, Merck) with n-hexane-EtOAc (1:1). (5) 
Materials: (1R)-(-)-Nopol benzyl ether

Biotransformation of (-)-nopol benzyl ether (5) by A. niger TBUYN-2:
After full growth of the microorganisms, 5 (3.047 g / 2.2 L) was added to the culture broth and biotransformed for 8-15 days under the same conditions described above. Aliquots of cultured broth (2 mL) were applied to an Extrelut NX column every day for the time course study and metabolites were extracted with diethyl ether. The cultured broth was extracted with diethyl ether to obtain 2.235 g dry extract (recovery ratio 73.4%). This was treated by silica gel CC to give 6 (yield 23.1%) and 7 (yield 6.3%).
Biotransformation of (-)-nopol benzyl ether ( 5 ) by A. niger Tiegh CBAYN:
A. niger Tiegh CBAYN was inoculated and cultivated by rotary shaking (100 rpm) at 20 o C for 3 days. Compound 5 (831mg / 600 mL) was added to the cultured broth and biotransformed under the same conditions as described above for 10 days. The cultured broth was extracted with diethyl ether to give 595 mg extractive (recovery ratio 71.6%). Compounds 6 and 7 were obtained in quantities of 100 mg and 196 mg, respectively.
Antioxidant assay:
Free radical-scavenging activities of metabolites 6 and 7 were evaluated by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. Each compound and L-ascorbic acid, α-tocopherol, and butyl hydroxyl anisol (BHA) were dissolved in EtOH at different concentrations (100, 50, 10, 5 and 1µg/mL) and mixed with DPPH (180 µL). After incubation at room temperature for 20 min., the absorbance at 517 nm was measured with a Spectra Max 340PC and IC 50 values were calculated. 
Identification of metabolites:
